Abstract. MicroRNAs (miRs), a class of small non-coding RNAs, have been demonstrated to perform promoting or suppressive roles in various types of human malignancy. deregulation of miR-195 has been observed in numerous types of human cancer, including cervical cancer; however, the detailed molecular mechanism of miR-195 underlying the malignant progression of cervical cancer remains largely unclear. In the present study, miR-195 was significantly downregulated in cervical cancer tissue samples compared with adjacent non-tumor tissue samples, and the reduced expression level of miR-195 was associated with node metastasis and an advanced clinical stage in cervical cancer. Furthermore, the patients with low miR-195 expression levels demonstrated shorter survival times when compared with those with high miR-195 expression levels. In vitro experiments indicated that miR-195 exerted suppressive effects on the proliferation, migration and invasion of cervical cancer cells. Luciferase reporter gene assay identified defective in cullin neddylation 1 domain containing 1 (dcUN1d1) as a novel target gene of miR-195 and the expression level of DCUN1D1 was identified to be negatively regulated by miR-195 in cervical cancer cells. DCUN1D1 was significantly upregulated in cervical cancer, with a negative correlation to miR-195 expression. Furthermore, upregulation of dcUN1d1 was associated with the malignant progression and poor prognosis of cervical cancer. dcUN1d1 overexpression attenuated the suppressive effects of miR-195 on the malignant phenotypes of cervical cancer cells. Notably, the expression levels of miR-195 were significantly lower in HeLa 
Introduction
cervical cancer is the third most common type of cancer and the fourth most frequent cause of cancer-associated mortality in women worldwide (1) . There are ~530,000 novel cervical cancer cases every year (1) . Furthermore, the majority of these cervical cancer cases occur in developing countries, including china (1, 2) . due to its recurrence and metastasis, the prognosis for cervical cancer patients is unsatisfactory, although great improvements have been made in surgery combined with radiotherapy and/or chemotherapy (2) . Therefore, novel therapeutic targets for the treatment of cervical cancer are urgently required.
MicroRNAs (miRs), a class of small non-coding RNAs, regulate gene expression by directly binding to the 3'-untranslated region (UTR) of their target messeger (m)RNA, causing translation repression or messenger (m)RNA degradation (3) (4) (5) . In the past decade, a large number of miRs have been identified to performed important roles in various cellular biological processes, such as cell proliferation, apoptosis, migration, invasion and tumorigenesis (6) (7) (8) . During the development and malignant progression of cervical cancer, many miRs have been demonstrated to be significantly deregulated and act as oncogenes or tumor suppressors, such as miR-27 (9), miR-124 (10), miR-140 (11) and miR-200 (12) . Recently, miR-195 was identified to exert a tumor suppressive role in various common types of human cancer (13, 14) . For example, miR-195 was observed to inhibit glucose uptake and proliferation of human bladder cancer cells by targeting solute carrier family 2 member 3 (13) . In addition, miR-195 was found to inhibit the proliferation, migration and invasion of cervical cancer cells by targeting SMAd family member 3 (Smad3), cyclin d2 (ccNd2), MYB proto-oncogene, transcription factor (MYB) and cyclin d1 (15) (16) (17) . Thus, miR-195 may be key in the development and progression of cervical cancer; however, whether other target genes of miR-195 also contribute to cervical cancer remains largely unclear.
In the current study, the clinical significance of miR-195 expression levels in cervical cancer, as well as the regulatory mechanism of miR-195 underlying cervical cancer progression were investigated. The data indicate that miR-195 performs a suppressive role in cervical cancer by targeting dcUN1d1. 
Materials and methods

Clinical
RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from the tissue samples and cells using TRIzol Reagent (Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions. dNase (Takara Biotechnology co., Ltd., dalian, china) treatment was used to remove genomic dNA, according to the manufacturer's instructions. For miR expression detection, a SYbR-Green PrimeScript miRNA RT-PCR kit (cat. no. RR716; Takara biotechnology Co., Ltd.) was used to perform the RT-qPCR, according to the manufacturer's instruction. For mRNA expression detection, a SYbR-Green PrimeScript miRNA RT-PCR kit (cat. no. RR716; Takara biotechnology Co., Ltd.) was used to perform the RT-qPCR, according to the manufacturer's instructions. U6 or GAPDH served as the internal reference for miR or mRNA expression, respectively. The primer sequences were as follows: Forward, 5'-AGG ATC ATT GGA CAG GAA GAA GT-3' and reverse, 5'-TGC CAG GTC ATC ACA GAA CTG-3' for DCUN1D1; and forward, 5'-GGA GCG AGA TCC CTC CAA AAT-3' and reverse, 5'-GGC TGT TGT CAT ACT TCT CAT GG-3' for GAPDH. The primers for miR-195 (HmiRQP0283) and U6 (HmiRQP9001) were purchased from Guangzhou FulenGen, Co., Ltd. (Guangzhou, China). The reaction conditions were as follows: 95˚C for 10 min, and 45 cycles of 95˚C for 15 sec and 60˚C for 15 sec. The relative expression was analyzed according to the 2 -ΔΔcq method (18) . This experiment was repeated three times. Wound healing assay. HeLa and SiHa cells (10 5 cells) were seeded in a 6-well plate and cultured to confluence. The cell monolayer was scraped using a 200 µl pipette tip to generate a wound, which was then washed with dMEM two times. cells were cultured in DMEM with 3% FbS at 37˚C for 48 h. Cells were subsequently photographed under a light microscope (Olympus corporation, Tokyo, Japan) at 0 and 48 h after wounding. The experiment was repeated three times.
M T T assay.
Transwell assay. HeLa and SiHa cells were plated into the top side of a Transwell chamber pre-coated with Matrigel (Bd Biosciences, San Jose, cA, USA). The lower chamber contained dMEM with 10% FBS as an attractant. Following incubation at 37˚C for 24 h, the upper surface of the Transwell chamber was scraped using cotton swabs. The invaded cells on the lower surface of the Transwell chamber were fixed with ethanol, stained for 10 min at room temperature using 0.05% Crystal Violet (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and counted under a light microscope. The experiment was repeated three times.
Bioinformatics prediction. TargetScan (www.targetscan.org), miRdB (www.mirdb.org) and dIANAmT (www.microrna.gr) were applied to predict the putative target genes of miR-195, according to the manufacturer's instruction.
Luciferase activity assay. The wild-type (WT) DCUN1D1 3'-UTR containing the binding sites of miR-195 was amplified and subcloned into the pmirGLO luciferase reporter vector (Promega Corporation, Madison, WI, USA). The mutant-type (MuT) dcUN1d1 3'-UTR lacking complementarity with miR-195 binding sites was generated using the QuickChange Site-Directed Mutagenesis kit (cat. no. 200518 Stratagene; Agilent Technologies, Inc., Santa clara, cA, USA) according to the manufacturer's instructions, which was also subcloned into the pmirGLO luciferase reporter vector. HeLa and SiHa cells (5x10 4 ) were seeded in 24-well plates and co-transfected with WT or MuT 3'-UTR vectors and miR-195 mimics or miR-Nc using Lipofectamine 2000. After 48 h, the cells were assayed for luciferase activity using the dual-Luciferase Reporter Assay System (Promega Corporation), according to the manufacturer's instructions. The firefly luciferase activities were normalized to Renilla luciferase activity. This experiment was repeated three times.
Statistical analysis. data were presented as means ± standard deviation. SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used to conduct the statistical analysis. An independent, two-tailed Student's t test and one-way ANOVA were performed to compare the difference. The association between the expression level of miR-195 or dcUN1d1 and the clinicopathological characteristics of cervical cancer patients were examined using the χ 2 test or Fisher's exact test. Survival analysis was evaluated using the Kaplan-Meier method. The correlation between the miR-195 and dcUN1d1 expression in cervical cancer was assessed using Pearson's correlation analysis. P<0.05 was considered to indicate a statistically significant difference.
Results
Downregulation of miR-195 is associated with aggressive progression in cervical cancer.
In the present study, the expression levels of miR-195 were examined using RT-qPCR in cervical cancer and adjacent non-tumor tissue samples. The data indicated that the expression levels of miR-195 were significantly decreased in cervical cancer tissue samples compared with adjacent non-tumor tissue samples (Fig. 1A) . The clinical significance of miR-195 expression levels in cervical cancer was then evaluated. According to the mean value of miR-195 expression levels (1.52), these cervical cancer patients were divided into high and low miR-195 expression groups. As presented in Table I , the low expression level of miR-195 was significantly associated with node metastasis and an advanced TNM clinical stage in cervical cancer. In addition, as all of the cervical cancer patients involved in the present study were high-risk human papilloma virus (HPV)-positive, no correlation was observed between the miR-195 expression level and high-risk HPV infection (data not shown).
Downregulation of miR-195 predicts poor prognosis of patients with cervical cancer.
The prognostic value of miR-195 expression levels in cervical cancer was then evaluated. The correlation between miR-195 expression and overall survival time of cervical cancer patients was examined using the Kaplan-Meier method. As presented in Fig. 2A) . The MTT assay data further indicated that the miR-195-overexpressing cells demonstrated reduced proliferation when compared with those in the miR-NC group (Fig. 2b) . These findings indicate that miR-195 may exert suppressive effects on cervical cancer growth. The role of miR-195 in the regulation of cervical cancer cell migration and invasion was then evaluated. data from the wound healing and Transwell assays indicated that ectopic expression of miR-195 significantly reduced the migration and invasion of HeLa and SiHa cells (Fig. 3) . These findings indicate that miR-195 may have a suppressive role in cervical cancer metastasis.
DCUN1D1 is a target gene of miR-195 in cervical cancer cells.
dcUN1d1 was predicted as a putative target gene of miR-195 using TargetScan, miRdB, and dIANAmT (Fig. 4A) . To confirm this prediction, the WT and MuT DCUN1D1 3'-UTR luciferase reporter plasmids were generated (Fig. 4B) . The luciferase reporter gene assay was performed in HeLa and SiHa cells. As presented in Fig. 4C , luciferase activity was significantly reduced in the presence of miR-195 in the HeLa and SiHa cells transfected with WT DCUN1D1 3'-UTR luciferase reporter plasmid, but not those transfected with MuT dcUN1d1 3'-UTR luciferase reporter plasmid. The effects of miR-195 on the expression levels of dcUN1d1 in cervical cancer cells were evaluated. The data indicated a significant reduction in the mRNA and protein expression levels of dcUN1d1 in miR-195-overexpressing HeLa and SiHa cells ( Fig. 4D and E) . Thus, DCUN1D1 appears to be the direct target of miR-195 in cervical cancer cells.
Upregulation of DCUN1D1 is associated with the aggressive progression and poor prognosis in cervical cancer. The expression level of dcUN1d1 in cervical cancer and adjacent non-tumor tissue samples was investigated in the current study. The data demonstrate that DCUN1D1 was significantly upregulated in cervical cancer tissue samples when compared with that in adjacent non-tumor tissue samples (Fig. 5A) . The correlation between miR-195 and dcUN1d1 expression levels was then evaluated using Pearson's correlation analysis. As presented in Fig. 5B , a significant negative correlation was observed between the expression level of miR-195 and dcUN1d1 in cervical cancer tissue samples. These data indicate that the upregulation of dcUN1d1 may be due to the downregulation of miR-195 in cervical cancer. The clinical significance of DCUN1D1 expression levels was evaluated in cervical cancer. According to the mean value of dcUN1d1 mRNA expression levels (4.14), the cervical cancer patients were divided into a high dcUN1d1 expression level group and a low dcUN1d1 expression level group. As presented in Table II , the upregulation of dcUN1d1 was associated with lymph node metastasis, distant metastasis, and an advanced clinical stage in cervical cancer. Furthermore, the patients with high expression levels of dcUN1d1 exhibited shorter survival times when compared with those with low expression levels of dcUN1d1 (Fig. 5c) . Therefore, an increased expression level of dcUN1d1 may predict poor prognosis of patients with cervical cancer.
DCUN1D1 restored miR-195-mediated cell proliferation, migration and invasion in cervical cancer.
To confirm miR-195 exerts suppressive effects on cervical cancer cells by targeting dcUN1d1, the miR-195-overexpressing cells were transfected with pcdNA3.1-dcUN1d1 expression plasmid or with blank pcdNA3.1 vector as the control group. Following transfection, the mRNA and protein expression levels of dcUN1d1 were significantly increased in the miR-195 + dcUN1d1 group compared with the miR-195 + blank group (Fig. 6A and b) . Furthermore, MTT, wound healing and Transwell assays demonstrated that overexpression of dcUN1d1 restored the suppressive effects of miR-195 on the proliferation, migration and invasion of cervical cancer cells (Figs. 6C and 7) . These data confirm that miR-195 exerts inhibitory effects on cervical cancer cells by directly targeting dcUN1d1.
HPV16 E6 regulates the expression levels of miR-195 and DCUN1D1 in cervical cancer cells.
In the present study, three (Fig. 8A) . As HPVs contain two oncogenes (E6 and E7) (18), HPV16 E6, HPV16 E7, HPV18 E6 and HPV18 E7 were knocked down in SiHa or HeLa cells using small interfering (si)RNA. As presented in Fig. 8b , the expression level of miR-195 was significantly increased in SiHa and HeLa cells transfected with E6 siRNA, indicating that E6 is the most important HPV oncoprotein responsible for the inhibition of miR-195 in cervical cancer cells. Consistently, knockdown of E6 significantly reduced the protein expression of DCUN1D1 in SiHa and HeLa cells (Fig. 8C) . Therefore, the oncogenic effects of HPV E6 on cervical cancer may be partly via regulating the expression level of miR-195 and, thus, its target gene, dcUN1d1.
Discussion
The exact regulatory mechanism of miR-195 underlying cervical cancer progression remains largely unclear. In the present study, miR-195 was significantly downregulated in cervical cancer, and a low expression level of miR-195 was associated with malignant progression and poor prognosis in cervical cancer. In recent years, accumulating evidence has demonstrated that miRs are key in tumor initialization, growth, and metastasis by regulating the expression of their specific target genes (11, 20, 21) . Among these cancer-associated miRs, miR-195 typically acts as a tumor suppressor in certain common cancer types, such as gastric (14) , colorectal (22) and renal (23) cancer, osteosarcoma (24) , and liver cancer (25) . Furthermore, recent studies have revealed a role of miR-195 in cervical cancer (15, 17, 26) . Wang et al (26) reported that miR-195 was downregulated in primary cervical cancer tissue samples, and may inhibit the proliferation of cervical cancer cells via targeting cyclin d1a and thus inducing G 1 phase arrest. Similarly, Li et al (17) identified that miR-195 suppressed cervical cancer cell proliferation and promoted cell apoptosis by targeting cyclin d1 (17) . In the present study, miR-195 was significantly downregulated in cervical cancer tissue samples when compared with adjacent non-tumor tissue samples, and its downregulation was associated with node metastasis and an advanced clinical stage. In addition, Zhou et al (15) observed that the low miR-195 expression level was significantly correlated with a higher clinical stage, node metastasis and deep stromal invasion (15) . Furthermore, miR-195 inhibited cervical cancer proliferation and repressed cancer cell migration and invasion in the present study, which was consistent with the findings of previous studies (15, 16) .
As miRs function by regulating the expression levels of their target genes (7), the target genes of miR-195 were then predicted in cervical cancer cells using bioinformatics analysis. dcUN1d1 was selected as the potential target of miR-195, as a recent study demonstrated that miR-218 inhibits the migration, invasion and epithelial-mesenchymal transition in cervical cancer cells by targeting DCUN1D1 (27) . However, whether other miRs may also directly target dcUN1d1 in cervical cancer remains unknown. dcUN1d1, also termed squamous cell carcinoma-related oncogene, may promote nuclear translocation and assembly of the neddylation E3 complex (28, 29) . Recently, DCUN1D1 was identified to be involved in tumor progression and development of brain metastasis in patients with non-small cell lung cancer (30) . Furthermore, dcUN1d1 has been reported to be activated by amplification in squamous cell carcinomas (29) . In the current study, DCUN1D1 was significantly upregulated in cervical cancer tissue samples when compared with adjacent normal tissue samples, and its upregulation was significantly associated with node metastasis, distant metastasis, an advanced clinical stage and shorter survival time of patients with cervical cancer. As it was observed that the expression level of dcUN1d1 was negatively correlated to miR-195 expression levels in cervical cancer tissue samples, it was hypothesized that its upregulation may be due to the downregulation of miR-195. Further investigation indicated that dcUN1d1 overexpression restored the suppressive effects of miR-195 on the proliferation, migration and invasion of cervical cancer cells, deonstrating that dcUN1d1 functions as a downstream effecter of miR-195 in cervical cancer cells. In addition to dcUN1d1, various other target genes of miR-195 have been identified in other studies, including Smad3, ccNd2, MYB and cyclin d1 (15) (16) (17) . These target genes have also been proposed to be involved in the miR-195-mediated malignant phenotypes of cervical cancer cells (15) (16) (17) . For example, du et al (16) found that miR-195 exerted suppressive effects on cervical cancer cell proliferation, migration and invasion in vitro, and identified ccNd2 and MYb as two direct targets of miR-195 in cervical cancer HeLa cells (16) .
Notably, the HPV E6 affected the expression levels of miR-195 and dcUN1d1 in cervical cancer cells in the present study. These findings provide a novel potential molecular mechanism in HPV-associated cervical cancer. In addition, the 72 cervical cancer patients that were involved in the present study were high-risk HPV + , and thus no correlation was observed between the miR-195 expression level and HPV infection in these cervical cancer patients.
In conclusion, to the best of our knowledge, this is the first study demonstrating that miR-195 inhibits the proliferation, migration and invasion of cervical cancer cells by directly targeting DCUN1D1. based on these findings, it is proposed that the miR-195/dcUN1d1 axis may serve as a potential candidate target for the treatment of cervical cancer. A limitation of the present study is that the number of cervical cancer patients is small. Further studies are required to establish the exact role of miR-195 in cervical cancer growth and metastasis in vivo, as well as the downstream signaling pathways. 
